for low uptake of SERMs for breast cancer therapeutic prevention. Analyses tested the associations between the stated reasons and physician characteristics such as gender, age, country of work and specialty.
RESULTS: Of 246 delivered questionnaires, 27 were incomplete and were excluded from analysis.
Overall, there was a small variability in response scores, with a tendency for physicians to give moderate importance (score=3) to all 10 statements. However, the top five reasons were: the expected greater preventive effectiveness of aromatase inhibitors (70.3% with score>3), difficulty applying current risk models in clinical practice (69.9%), the lack of clarity on the most appropriate physician for prevention advice (68.4%), the lack of reliable short-term biomarkers of effectiveness (67.5%) and the lack of commercial interest in therapeutic prevention (66.0%). The lack of reliable short-term biomarkers showed a tendency to discriminate between medical oncologists and other breast specialists (OR=2.42, 95% CI, 0.93-6.25).
CONCLUSIONS: This survey highlights the complexity of prescribing decisions among physicians in this context. Coupled with the known barriers among eligible women, these data may help to identify strategies to increase uptake of breast cancer therapeutic prevention.
INTRODUCTION
Breast cancer is the most common female tumour globally and the primary cause of cancer death in women worldwide (1) . Preventive therapy may be crucial to reduce breast cancer burden. A metaanalysis of individual-level participant data from nine phase III trials in over 93.000 women demonstrated a preventive effect of SERMs in reducing invasive oestrogen (ER)-positive breast cancer incidence by approximately 40% (2) , with evidence for a 20 year carry-over effect in one trial (3) . Currently, two SERMs are FDA approved drugs for primary breast cancer prevention: 1) tamoxifen for premenopausal and postmenopausal women at high risk of breast cancer, and 2) raloxifene for postmenopausal women with osteoporosis or at high risk of breast cancer. Important public agencies and scientific societies recommend that clinicians discuss or offer chemoprevention with tamoxifen or raloxifene to women at high risk for breast cancer and low risk for adverse events (4-6).
Uptake of breast cancer preventive therapy in routine care is very low (7) . Among 77 million potentially eligible women for tamoxifen and 45 million for raloxifene in the U.S., only 0.03% aged 35 to 79 take tamoxifen and 0.2% aged 50-79 take raloxifene for preventive purpose (8) . Several barriers hamper breast cancer therapeutic prevention, such as fear of side effects by the women, physician reluctance in prescribing these drugs and lack of evidence for mortality reduction (9, 10) .
The physician's recommendation has been reported to play a key role in influencing women decision about chemoprevention in the US (11) . However, these data are limited, particularly outside the United States. In this survey we questioned 246 breast cancer specialists on 10 possible reasons for the low uptake of breast cancer preventive therapy in their clinical practice and looked at possible associations with their medical background.
DESIGN AND METHODS
In late 2012 and early 2013 a self-administered questionnaire was given to physicians during different breast cancer meetings in Italy and Switzerland or was sent via email to a number of European School of Oncology alumni who had attended breast cancer courses in the last 3 years.
The questionnaire items were developed by three experts in breast cancer prevention (Bonanni B, Costa A and DeCensi A) based on recent methodology (12, 13) . The questionnaire included two sections. The first was composed of four questions regarding the clinicians' age at survey, gender, country of work and specialty background. The second was developed to measure the key dimensions underlying the low uptake in clinical practice of drugs that prevent breast cancer despite strong evidence of efficacy. To assess which, in the interviewed physician's opinion, are the most important reasons for low uptake, a closed list of 10 items assessing attitudes, beliefs and knowledge of drugs to prevent breast cancer was developed (Table 1) . Subjects were asked to answer questions using a standard five-point Likert scale of importance. Response scores ranged from 5 to 1 as it follows:
"Very important", "Important", "Moderately important", "Of little importance", "Unimportant". The Likert scale is a consolidated tool that is used in social research to measure attitudes and opinions through the use of statements (14) . The study was reviewed by the Galliera Hospital Scientific Committee. No incentives were offered for participation. All responses provided by the participants were completely anonymized.
STATISTICAL ANALYSIS
Age was categorized according to tertiles of the observed distribution, and specialties were divided into two subgroups: medical oncologists versus other clinical specialties. Life expectancy at birth (LEAB) was assumed to be a valid proxy of socio-economic status and quality of medical care in each country (15). The degree of association between medical specialty and the other physician characteristics was assessed through the chi-squared test for independence. For each statement (S), response scores were described using mean and standard deviation (SD) and differences among scores were assessed through the Kruskal-Wallis nonparametric rank test. Table 2 shows the observed frequency distribution between medical specialty and age, gender and LEAB. The medical background was not associated with age at survey (p-value = 0.917), whereas medical oncologists were more frequent in women (p-value = 0.002) and countries with longer LEAB (p-value < 0.001). Only small departures from the middle score=3 (moderately important) were observed. The top five statements were: S10, expected preventive effectiveness of aromatase inhibitors (70.3% had score>3); S5, current risk factor models are not readily available for clinical practice (69.9%); S4, lack of clarity on who is the most appropriate physician for prevention advice (68.4%); S3, lack of reliable short-term biomarkers of effectiveness (67.5%); S8, no commercial interest in chemoprevention (66.0%). Considering the small variability around the overall percentage (64.9%), however, most statements obtained similar endorsement.
Finally, Table 4 displays the results of ten logistic regression models to evaluate the influence of medical oncology training relative to other breast specialties in determining the percentage of highest scores in each statement. The lack of reliable short-term biomarkers (S3) exhibited a tendency to discriminate between medical oncologists and other breast specialists, although the difference was not statistically significant (OR=2.42, 95% CI, 0.93-6.25). Secondly, the fear of serious side effects (S2) seems to be more important for medical oncologists than for other breast specialists, with an OR=1.8 (95% CI, 0.79-4.24).
DISCUSSION
The use of breast cancer therapeutic prevention with SERMs in clinical practice is low (8) despite strong evidence for efficacy (2) . Since few data are available about the physicians' approach to breast cancer therapeutic prevention, we evaluated the knowledge, attitudes and beliefs among breast cancer expert physicians of different ages, sex, specialization and country of workplace. Our survey shows that most physicians did not score the proposed statements with strong differences, but gave an average importance to all statements with only subtle differences among the 10 reasons for low drug uptake. This highlights the complexity of prescribing behavior in this context.
The statement with the highest percentage of high score (> 3) was statement 10 on the expected effectiveness of AIs. We must consider, however, that when the survey was conducted only the results of the MAP3 trial were available, with a remarkable 65% reduction of invasive breast cancer by exemestane (16) . Subsequently, a larger trial on anastrozole, IBIS-II, showed a 50% reduction in postmenopausal women at high risk (17) . Another possible influence was the fact that the results from adjuvant trials showed that AIs produced lower recurrence rates compared with tamoxifen, as emerged in a meta-analysis conducted by Dowsett et al. (18) , suggesting that these data could be The second top statement was number 5 on the unavailability of ready risk models in clinical practice.
The Gail model and the Tyrer Cuzick model have been validated in prospective studies and are available on the internet (www.cancer.gov/bcrisktool/; www.ems-trials.org/riskevaluator/), but it may be cumbersome to integrate these models in the daily clinical practice, especially for primary care physicians. In a survey submitted to Californian physicians in primary care specialties one of the leading frequent barriers to breast cancer prevention counseling was 'insufficiently informed about risk reduction options' (19) . In a recent UK national survey (10), only half of the GPs knew tamoxifen can reduce breast cancer risk, and only one-quarter were aware of the NICE guidelines on the use of SERMs for therapeutic prevention (5) . Responders asked to initiate prescribing were less willing to prescribe tamoxifen than those continuing a prescription initiated in secondary care (68.9% versus 84.6%, P<0.001). It will therefore be necessary to provide training to primary care physicians to avoid that these risk models remain accessible only to nich specialists and to ensure that they take root in primary care as it occurs for the cardiovascular risk tables to prescribe statins.
The third most commonly endorsed statement is the lack of clarity on who is the most appropriate physician for prevention advice (68.4%). Medical oncologists include among their barriers to prevention the limited time to see people without cancer and some argue that prevention and control is a primary care responsibility (20) . On the other side, even the percentage of women approached for therapeutic prevention in primary care practice is very low (21) . Attempts to solve this barrier have apparently been successful in high risk clinics where screening mammography is coupled with a counseling activity held by trained nurses and physicians dedicated to prevention (22) .
The two statements that the authors of the questionnaire had considered most important, namely number 3 and 8 on the lack of reliable short-term biomarkers of effectiveness and the lack of commercial interest in therapeutic prevention, ranked fourth (67.5%) and fifth (66.0%), respectively.
The lack of reliable short-term biomarkers is an obvious barrier considering that preventive medicine in the cardiovascular field is widely accepted and routinely used thanks to easy measurements of efficacy biomarkers such as low-density and high-density lipoproteins and high blood pressure (9) . Commercial interest is important for different reasons. First of all, there is no investment by drug companies to inform health care providers. Drug companies instead invest up to 30% of their entire budget in marketing activities for drugs under patent (23) , and these marketing activities have been shown to be associated with higher prescription (24) . Also, the off-patent state of these drugs is the main cause of the absence of labeling indication at least in Europe given the lack of a clear pathway for approval for off-patent drugs (25) .
The lack of mortality data is another statement with a relatively low score despite a strong scientific debate (26, 27, 28) . While studies on the mortality of women who participated in chemoprevention trials are underway, we consider prevention of breast cancer incidence still an important accomplishment because it spares the substantial adjuvant treatment morbidity, the reduced emotional and social functioning and the deep impact on her family (29) .
We wanted to compare the difference in responses between medical oncologists and the other specialists given the uncertainty on the most appropriate specialty for preventive advice. Medical oncologists have given, on average, more importance to all statements compared to non-medical oncologists, possibly because of a greater confidence with the topic, with special reference to the lack of short-term biomarkers (OR=2.4) and the fear of serious adverse events (OR=1.84). The lack of short-term biomarkers, as stated before, is one of the most important barriers to breast cancer prevention in the opinion of the authors. Oncologists probably have a greater knowledge of the complexity and heterogeneous nature of cancer and the difficulty to have an early indicator of preventive efficacy such as a decrease of blood pressure or cholesterol levels in cardiovascular disease. Demonstrating, through the variation of specific early biomarkers, that the drug is effective and therefore has prevented or reduced the risk of breast cancer, would certainly encourage the uptake of the drug. Fear of side effects has been reported as the main reason among women for refusing breast cancer chemoprevention (30, 31) . Since physician's recommendation has a key role in influencing women decision (11), physicians should counsel women not to overestimate risks and underestimate the benefits of therapeutic prevention. The only statement to which oncologists gave less importance than other specialists is statement number 1 on the lack of mortality data. This issue is one of the main arguments against the use of anti-estrogen drugs (26, 27, 28) ; the fact that in this survey it has a relatively low score may be due to the opinion of oncologists. Oncologists might know better that there is a lack of power in most of the preventive trials at current length of follow-up to analyze cancer specific and overall mortality (27) and that reducing breast cancer has itself a strong positive impact on quality of life and on healthcare systems, in line with the authors' opinion. Also screening with mammography, which is the most widely used method for the control of breast cancer, has demonstrated only a modest effect on breast cancer mortality in randomized trials (32, 33) .
This survey has several limitations. We collected a questionnaire to a predominance of medical oncologists and European physicians. Specifically, among the Europeans a large slice was represented by physicians who worked in Italy (60% of the Europeans), so some of the responses may be specific to the Italian practice setting and difficult to generalize to other health systems, particularly the United States. Also, oncologists were predominantly women and worked in a country with high LEAB, which could have driven the overall response to higher scores, given that women physicians were reported to be more proactive than men in primary care for women (34) and that physicians working in a country with high LEAB are assumed to have a better knowledge of breast cancer therapeutic prevention, a relatively new field of medical oncology, also because of the highest frequency of breast cancer (1) . The data were cross-sectional, prohibiting causal influence. The outcomes were self-reported, and we did not collect objective data on prescribing behaviour. Finally, by using a 5 point scale we enabled responders to fill the middle response thus minimizing the extreme options, a phenomenon possibly associated with limited knowledge about the topic (35).
In conclusion, this survey showed a high homogeneity in giving an average importance to several reasons for the low uptake of therapeutic prevention with SERMs. However, medical oncologists gave a higher importance to the lack of surrogate biomarkers compared with other physicians. This survey provides the basis for a better understanding of why therapeutic prevention is so underused despite strong evidence for efficacy.
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S1
There is no evidence of a reduction in breast cancer mortality.
S2
Drugs such as tamoxifen or raloxifene can cause serious side effects, including endometrial cancer and venous thromboembolism.
S3
There are no reliable short-term biomarkers to measure efficacy such as blood pressure or cholesterol which are used in cardiovascular preventive medicine.
S4
It is unclear the most appropriate physician to take care of women at risk for breast cancer among medical oncologists, gynecologists, family doctors and surgeons.
S5
Current composite risk factor models such as the Gail model or the Tyrer-Cuzick model are not readily available for clinical practice.
S6
There is little knowledge in the medical community of the efficacy of drugs such as tamoxifen, raloxifene as preventive agents.
S7
Current drugs can only prevent endocrine responsive tumors which can mostly be cured by surgery and adjuvant therapy.
S8
There is no commercial interest to support these treatments by drugs companies since all approved drugs are out of patent.
S9
The use of these drugs has not been approved in Europe and its prescription outside the US and Canada is off label.
S10
A recent trial (MAP3) has suggested that aromatase inhibitors are very active in preventing breast cancer. Confirmation in a second trial will substantially increase prescription of these agents for prevention. OR, odds ratio adjusted for gender, age at survey and life expectancy at birth; 95% CL, confidence limits.
